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BUTTERFLY VALVE FOR CONTROLLING A GAS PRESSURE 



The present invention generally relates to a butterfly valve controlling a gas 
pressure and more particularly to a butterfly valve for controlling a gas pressure 
inside the cabin of an aircraft. 

5 Butterfly valves are normally used for controlling the flow rate of a liquid or 
gaseous fluid. Conventional butterfly valves comprise to this end a closure 
member positioned in a valve housing for rotation about a rotation axis defined 
by a shaft. Typically, the closure member is configured as a disk which is ro- 
tated by the shaft between an open position allowing the fluid to flow through 

10 the valve housing and a closed position preventing the fluid from flowing 
through the valve housing. The shaft is driven by a torque usually applied by an 
external actuator, such as an electric motor. 

Especially in the aviation industry, butterfly valves are employed for controlling 
15 the air pressure inside the cabin of an aircraft, as disclosed in US-A-5 881 995. 
The flow rate of the air circulating in the cabin and, as a result, the air pressure 
in the cabin are influenced by the opening position of the closure member. 
Since air is a compressible fluid, a butterfly valve controlling the air pressure is 
subject to undesired effects such as vibrations, wear and noise. For example, a 
20 high pressure or a high speed flow rate of the air generates aerodynamic throt- 
tling over a wide range of opening positions resulting in an adverse state of ten- 
sion in the closure member. This state of tension may effect damages of the 
closure member such as a crack. A spreading crack may have the conse- 
quences of breaking the closure member and, thereby, releasing a cross- 
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sectional area of the valve housing which leads to a sudden and dangerous 
loss of pressure. 

The object of the present invention is to provide a butterfly valve which ensures 
5 a restricted cross-sectional area of the valve housing even if a breaking of the 
closure member occurs. 

The above object can be achieved in accordance with the present invention by 
a butterfly valve having the features of claim 1. Thus, the butterfly valve accord- 

10 ing to the present invention comprises a valve housing having a longitudinal 
axis and defining a flow path for a gas along the longitudinal axis, a shaft hav- 
ing a rotation axis, and a closure member connected to the shaft. The closure 
member is pivotally mounted in the valve housing for rotation about the rotation 
axis between an open position allowing the gas to flow through the valve hous- 

15 ing and a closed position preventing the gas from flowing through the valve 
housing. Furthermore, the closure member consists of a first disk and a com- 
plementary second disk which abut against each other. The first disk and the 
second disk are symmetrically arranged with regard to a symmetric axis extend- 
ing at the predetermined angle of inclination to the rotation axis. 

20 

It is one of the remarkable features of the butterfly valve according to the pre- 
sent invention that the closure member consists of two disks arranged symmet- 
rically and abutting against each other. In this way, the cross-sectional area of 
the valve housing is restricted by one of the disks even if breaking of the other 

25 disk occurs. For this purpose, it has been discovered that a symmetrical con- 
figuration of the disks allowing a symmetric arrangement regarding the symmet- 
ric axis leads to a divided design of the closure member which enables a rela- 
tively easy mounting of the closure member without additional fastening means. 
Furthermore, the inclination between the symmetric axis of the disks and the 

30 rotation axis of the shaft allows to use a sealing element configured as one 
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piece and adapted to seal the closure member within the valve housing without 
interruption. 

In accordance with a preferred embodiment of the present invention, the first 
5 disk and the second disk comprise each an inner surface, an outer surface, a 
distal end having a first thickness between the inner surface and the outer sur- 
face, and a proximal end having a second thickness between the inner surface 
and the outer surface, wherein the first thickness is greater than the second 
thickness. In this way, the first disk and the second disk have a substantially 
10 wedge-shaped design which ensures a comparatively thin total thickness of the 
closure member, if the first disk and the second disk overlap in the direction of 
the longitudinal axis of the valve housing. Hence, a compact design of the but- 
terfly valve can be achieved. 

15 Preferably, the first disk and the second disk comprise each at least one con- 
tact face abutting against a corresponding contact face of the respective other 
disk. Providing of a contact face ensures a precise symmetrical arrangement of 
the first and second disk. 

20 Further in accordance with a preferred embodiment of the present invention, 
the contact face extends from the proximal end towards the distal end covering 
between about 10 % and about 90 %, preferably about 50 %, of the inner sur- 
face along a vertical axis extending orthogonal to the longitudinal axis of the 
valve housing. Since the first and second disk overlap along the contact face, 

25 such a configuration of the contact face ensures that if one of the disks is bro- 
ken, the other disk still covers between about 50 % and about 90 % of the 
cross-sectional area of the valve housing, thereby reliably preventing the cabin 
of an aircraft from a detrimental loss of pressure. In this connection, it has been 
proved to be of exceptional advantage, if the contact face covers about half of 

30 the inner surface. In this case, each of the disks sufficiently closes two-third of 
the cross-sectional area of the valve housing, if the respective other disk is bro- 
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ken. Moreover, the overlapping of the first and second disk is in this case 
enough to ensure a solid mounting of the closure member on the one hand and 
a safe removal of the broken disk without affecting the function of the intact disk 
on the other hand. 

5 

According to another preferred embodiment of the present invention, the con- 
tact face comprises a main portion extending parallel to the symmetric axis and 
a first supplementary portion extending from an upper end of the main portion 
to the inner surface at a first angle. The first supplementary portion increases 
10 the extension of the contact face. Since the supplementary portion extends at 
the first angle to the main portion, there is an effective positive locking between 
the first disk and the second disk. 

The positive locking between the first disk and the second disk can further be 
15 enhanced by a contact face additionally comprising a second supplementary 
portion extending from a lower end of the main portion to the outer surface at a 
second angle. Since the first disk and the second disk are configured symmetri- 
cally, the first angle and the second angle have the same extent, but are orien- 
tated opposite in the mounted condition of the closure member. Preferably, 
20 both the first angle between the main portion and the first supplementary por- 
tion and the second angle between the main portion and the second supple- 
mentary portion are less than about 90°, thereby giving the contact face a sub- 
stantially Z-shaped contour and ensuring a reliable positive locking. 

25 Furthermore, in accordance with a preferred embodiment of the present inven- 
tion, the main portion extends along the vertical axis. In this way, the symmetric 
axis and the vertical axis coincide having the consequence that the rotation axis 
of the shaft is inclined to the vertical axis at the angle of inclination. The main 
portion of the contact face extends in this way in the seating plane of the clo- 

30 sure member. The forces exerted on the first and second disk and resulting 
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from the gas flow in the valve housing, thereby, support an abutting arrange- 
ment of the first and second disk. 

In line with another preferred embodiment of the present invention, the first disk 
5 and the second disk comprise each an opening, wherein these openings are in 
alignment and accommodate the shaft. The openings allow the shaft to get 
through the closure member and, therefore, ensure an easy assembly and a 
robust mounting of the closure member. 

10 Preferably, each opening extends at the angle of inclination to the main portion 
of the contact face. In this way, the axis of the opening coincides with the rota- 
tion axis of the shaft. 

With regard to a fast and easy assembly of the closure member, the shaft is 
15 preferably secured in the openings by positive locking. The closure member, 
thereby, consists only of the first and second disk and the shaft. Additional fas- 
tening means, such as non-positive joining elements or screws, are not re- 
quired for fastening the individual components of the closure member. How- 
ever, this does not preclude such fastening means from being used for provi- 
20 sional fixing of the individual components of the closure member during assem- 
bly, if necessary. 

In accordance with a preferred embodiment of the present invention, the shaft 
is configured as splined shaft. This means that an inner surface of the openings 
25 of the first and second disk is provided with an outline corresponding to the 
splined shaft. In this way, a reliable positive locking between the shaft and the 
first and second disk is achieved. 

Finally, in accordance with a preferred embodiment of the present invention, 
30 the angle of inclination is less than about 15°, preferably between about 5° and 
about 10°. A butterfly valve having such an angle of inclination has been proved 
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to be favourable regarding controlling of the air pressure inside the cabin of an 
aircraft. 

The various features and advantages of the present invention may be more 
5 readily understood with reference to the following detailed description taken in 
conjunction with the accompanying drawings, wherein like reference numerals 
designate like parts, and in which: 

is a cross-sectional view of a butterfly valve showing a closed po- 
sition of a closure member; 

is a cross-sectional view according to Fig. 1a showing an open 
position of the closure member; 

is a perspective view showing the closure member according to 
Fig. 1a and 1b; 

is a side view of the closure member according to Fig. 2 con- 
nected with a shaft; 

is a sectional view according to line IVa-IVa in Fig. 3; 
is a sectional view according to line IVb-IVb in Fig. 3; 
is a sectional view according to line Va-Va in Fig. 3; 
is an enlarged illustration showing a detail designated by Vb in 
Fig. 5a; 

is a side view of the closure member according to Fig. 3; 
is a cross-sectional view of the closure member according to Fig. 
6a; 

is a plan view showing a part of the closure member according to 
Fig. 6a. 

The butterfly valve as shown in Fig. 1a and 1b comprises a valve housing 10 
which has a longitudinal axis 1 1 and defines a flow path along the longitudinal 
30 axis 1 1 for air flowing out of the cabin of an aircraft. The butterfly valve further 
comprises a closure member 30 or flap which is pivotally mounted in the valve 
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housing 10 and connected to a shaft 20 having a rotation axis 21 and driven by 
an actuator, for example an electric motor. In this way, the closure member 30 
is pivotable between an open position showing in Fig. 1b, which allows the air to 
flow through the valve housing 10, and a closed position showing in Fig. 1a, 
5 which prevents the air from flowing through the valve housing 10. 

Commercial aircrafts are equipped with such a butterfly valve for controlling the 
air pressure inside the cabin. During the flight of an aircraft, variations in aircraft 
altitude cause rapid changes in ambient pressure. The butterfly valve typically 

10 controlled by a cabin pressure control system serves to maintain the air pres- 
sure inside the cabin at a relatively comfortable level by regulating the outflow 
of cabin air out of the butterfly valve. The flow of cabin air depends on the posi- 
tion of the closure member 30. In the closed position, as shown in Fig. 1a, the 
closure member 30 sealingly engages a wall 13 of the valve housing 10 to shut 

15 the flow of air therein. To this end, the periphery of the closure member 30 is 
provided with a sealing element 36 which co-operates with the wall 13. The 
sealing element 36 is arranged in a circumferential groove 35, as can be better 
seen in Fig. 4a and 4b. A spring element 38 arranged in the groove 35 applies 
a predetermined prestress to the sealing element 36, thereby ensuring a tight 

20 fitting of the closure member 30 within the valve housing 10. 

The closure member 30 consists of a first disk 40 and a complementary second 
disk 50 which abut against each other. The first disk 40 and the second disk 50 
comprise inner surfaces 46, 56 facing each other and outer surfaces 47, 57. As 
25 shown in Fig. 2, the outer surfaces 47 and 57 are provided with reinforcing ribs 
34 and a passageway 37 defining through holes 48, 58 which are in alignment 
and accommodate the shaft 20. 

Furthermore, the first disk 40 and the second disk 50 configured identically 
30 comprise each a distal end 41 , 51 and a proximal end 42, 52, as depicted in 
Fig. 6b. The distal end 41 , 51 of the first and second disks 40, 50 has a first 
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thickness between the inner surface 46, 56 and the outer surface 47, 57 which 
is greater than a second thickness between the inner surface 46, 56 and the 
outer surface 47, 57 of the proximal end 42, 52. In this way, the first disk 40 and 
the second disk 50 have a substantially wedge-shaped design. 

5 

Fig. 5a and 6b show that the first disk 40 and the second disk 50 comprise 
each a contact face 43 to 45; 53 to 55 which extends from the proximal end 42, 
52 towards the distal end 41, 51, thereby, covering about 50 % of the inner sur- 
face 46, 56 along a vertical axis 12 which extends orthogonal to the longitudinal 

10 axis 1 1 of the valve housing 10. The contact face comprises a main portion 44, 
54 extending parallel to a symmetric axis 31. The contact face further com- 
prises a first supplementary portion 43, 53 extending from an upper end of the 
main portion 44, 54 to the inner surface 46, 56 at a first angle a and a second 
supplementary portion 45, 55 extending from a lower end of the main portion 

! 5 44 t 54 to the outer surface 47, 57 at a second angle p, as shown in Fig. 5a. The 
first disk 40 and the second disk 50 are symmetrically arranged with regard to 
the symmetric axis 31 such that the main portion 44, the first supplementary 
portion 43, and the second supplementary portion 45 of the first disk 40 abut 
against the corresponding main portion 54, the first supplementary portion 53 

20 and second supplementary portion 55 of the second disk 50. The first angle a 
between the main portion 44, 54 and the first supplementary portion 43, 53 and 
the second angle p between the main portion 44, 54 and the second supple- 
mentary portion 45, 55 are both of the same extent due to the symmetric design 
of the first disk 40 and the second disk 50. Preferably, the first angle a and the 

25 second angle p are both less than 90°, thereby, giving the contact face 43 to 
45, 53 to 55 a substantially Z-shaped contour. Such a contour of the contact 
face 43 to 45, 53 to 55 ensures a reliable positive locking between the first disk 
40 and the second disk 50. 
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The stability of the closure member 30 is further increased by a positive locking 
between the shaft 20 and the first disk 40 and the second disk 50. As shown in 
Fig. 3 to 7, the shaft 20 is configured as splined shaft having splines which en- 
gage corresponding recesses of the through holes 48, 58. Additional fastening 

5 means for connecting the first disk 40 to the second disk 50 are basically not 
necessary. However, as shown in Fig. 2 to 5a, the reinforcing ribs 34 are pro- 
vided with bores 32 which accommodate screws 33. These screws 33, prefera- 
bly made of light metal, such as aluminium, merely serve for provisional fixing 
and aligning of the first and second disks 40, 50 before introducing the shaft 20 

10 into the through holes 48, 58. After assembly of the closure member 30, the 
screws 33 are only required to close the bores 32, thereby avoiding the genera- 
tion of noise. 

Especially Fig. 5a to 6b show that the symmetric axis 31 extends at a prede- 

1 5 termined angle of inclination y to the rotation axis 21 of the shaft 20. The angle 
of inclination y is typically less than about 15°, in the preferred embodiment 
shown in Fig. 5a to 6b about 8°. The axes of the through holes 48, 58 coincide 
with the rotation axis 21 and, therefore, are inclined to the symmetric axis 31 at 
the angle of inclination y as well. The inclination between the symmetric axis 31 

20 and the rotation axis 21 results in an inherent stability of the closure member 
30. This inherent stability is increased by the arrangement of the main portion 
44, 54 in the seating plane of the closure member 30. This means that the main 
portion 44, 54 extends along the vertical axis 12 which is orthogonal to the lon- 
gitudinal axis 11. The rotation axis 21, thereby, extends at the angle of inclina- 

25 tion y to the vertical axis 12, as shown in Fig. 3. For this reason, the passage- 
way 37 gradually comes out of the outer surface 47, 57, as depicted in Fig. 4a, 
4b. Since the main portion 44, 54 of the contact face extends in the seating 
plane of the closure member 30, the forces exerted on the first and second disk 
40, 50 and resulting from the air flowing through the valve housing 10 support 

30 the abutting arrangement of the first and second disk 40, 50. 
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The above-described butterfly valve is distinguished by an easy assembly due 
to the limited number of components of the closure member 30. Furthermore, 
the closure member 30 has the advantage of being self-stabilizing with regard 
to the positive locking of the first and second disks 40, 50 and the shaft 20. Last 
5 but not least, the butterfly valve ensures a restricted cross-sectional area of the 
valve housing 10, if breaking of the closure member 30 occurs. The reason for 
this is the divided design of the closure member 30 as a result of the symmetric 
arrangement of the first and second disks 40, 50 with regard to the symmetric 
axis 31. 
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List of reference signs 



10 valve housing 

1 1 longitudinal axis 

12 vertical axis 

13 wall 

20 splined shaft 

21 rotation axis 

30 closure member 

31 symmetric axis 

32 bore 

33 screw 

34 reinforcing rib 

35 circumferential groove 

36 sealing element 

37 passageway 

38 spring element 

40 first disk 

41 distal end 

42 proximal end 

43 first supplementary portion 

44 main portion 

45 second supplementary portion 

46 inner surface 

47 outer surface 

48 through hole 
50 second disk 



51 distal end 

52 proximal end 52 

53 first supplementary portion 

54 main portion 

55 second supplementary portion 

56 inner surface 

57 outer surface 

58 through hole 

a first angle 

p second angle 

y angle of inclination 



